We have devised a steering system in which the magnetic elastomer is used for the elastic members such as rubber bushings in the axle box suspension of railway vehicles. The magnetic elastomer is composed of magnetic particles and the elastomer such as synthetic rubber. This material is characterized by its hardness variation depending on the magnetic field. The axle box suspension using the magnetic elastomer is capable of varying the longitudinal stiffness. In straight sections, the application of this axle box suspension ensures running stability by increasing the longitudinal stiffness by means of applying a magnetic field. On the other hand, in curve sections, it improves curving performance by decreasing the longitudinal stiffness by means of turning off the magnetic field. We made test pieces towards the development of the magnetic elastomer for the steering bogie. In a characteristic test, we confirmed that the Young's modulus of the magnetic elastomer changes in the range of about five times depending on the presence or absence of the magnetic field. In addition, we simulated the vehicle model by applying the longitudinal stiffness change of the magnetic elastomer to the axle box of the bogie. We confirmed that this axle box was capable of reducing the average of the outer wheel lateral force in the circular curve section compared to that of the normal axle box.
Young's modulus measurement of a magnetic elastomer. The authors measured the stress by providing the strain at a compression rate of 10 mm/min by using a material testing machine. In addition, the magnetic field was applied by placing a permanent magnet with a surface magnetic flux density of 310 mT. Fig.9 Simulation results of the curving performance depending on the difference in the magnetic field intensity. The mean outer wheel lateral force in the circular curve is approximately 11 kN when the magnetic field is applied (red line), and is approximately 9 kN when the magnetic field is not applied (black line). Time (s) Fig.10 Simulation results of the curving performance depending on the difference in the steering control. When the steering control switches the magnetic field by the step control (pink line), the large fluctuations of the lateral force occurs at the time of the switching. When the steering control switches the magnetic field by the proportional (310mT/s) control (black dot line), it can suppress the variation of the lateral force. Fig.11 Simulation results of the curving performance depending on the difference in the steering control. Specifications of curves other than the curve radius are the same as in Table 2 , and running speed is the balancing speed in curves corresponding to each curve radius.
